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RELATED APPLICATION 

This application is a divisional of Application No. 09/239,938, filed January 29, 
1999. The entire teachings of the above application are incorporated herein by 
5 reference. 

BACKGROUND OF THE INVENTION 

Over the last decade, chemokines have emerged as key mediators of 
inflammation as a result of their numerous proinflammatory activities which affect 
virtually every leukocyte type. More recently, chemokines have been recognized as a 

10 critical component of basal leukocyte trafficking essential for normal immune 
surveillance and response, as well as for several other functions in hematopoiesis, 
angiogenesis, control of viral infection, and T cell differentiation (Baggiolini et al, Ann. 
Rev, Immunol 75:675 (1997); Zou et al, Nature 393:595 (1998); Tachibana et al, 
Nature 393:591 (1998)). This diverse array of biological activities, including mediation 

15 of a range of pro-inflammatory effects on leukocytes, such as triggering of chemotaxis, 
degranulation, synthesis of lipid mediators, and integrin activation, together with their 
critical role in the initiation and maintenance inflammatory diseases, and the recent 
identification of certain chemokine receptors as co-receptors for HIV-1 entry, have 
made chemokines and chemokine receptors an attractive new set of therapeutic targets. 

20 Members of the chemokine family are produced and secreted by many cell types 

in response to early inflammatory mediators such as IL-1 P or TNFa. The chemokine 
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superfamily comprises two main branches: the a-chemokines (or CXC chemokines) 
which are characterized by a single amino acid separating the first 2 cysteines, and the 
P-chemokines (CC chemokines), which contain two adjacent cysteines. The a- 
chemokine branch includes proteins such as IL-8, neutrophil activating peptide-2 (NAP- 
2), melanoma growth stimulatory activity (MGSA/gro or GROa), and ENA-78, each of 
which have attracting and activating effects predominantly on neutrophils. The 
members of the p-chemokine branch affect other cell types such as monocytes, 
lymphocytes, basophils, and eosinophils (Oppenheim, J.J. et al, Annu. Rev. Immunol., 
9:617-648 (1991); Baggiolini, M., et aL Adv. Imunol, 55:97-179 (1994); Miller and 
Krangel, Crit Rev. Immunol, 72:17-46 (1992); Jose, P.J., et al, J. Exp. Med., 779:881- 
118 (1994); Ponath, P.D., etal, J. Clin. Invest., 97:604-612 (1996)), and include 
proteins such as monocyte chemotactic proteins 1-4 (MCP-l, MCP-2, MCP-3, and 
MCP-4), RANTES, macrophage inflammatory proteins (MlP-la, MIP-lp), thymus and 
activation-regulated chemokine (TARC) and macrophage-derived chemokine (MDC). 

Chemokines bind to 7 transmembrane spanning G protein-coupled receptors 
(Murphy, P.M., Annu. Rev. Immunol, 72:593-633 (1994)). A number of P chemokine 
receptors (CCRI-CCRIO) have been identified to date, and the search for additional 
chemokine receptors is the subject of active research (Baggiolini, Nature 592:565-568 
(1998)). Chemokine receptor CCRl was identified by Nomura et al, (Int. Immunol. 
5:1239-1249 (1993); Neote et al, {Cell 72:415-425 (1993))'and Gao et al, (J. Exp. 
Med. J 77:1421-1427 (1993)). CCRl was originally found to signal in response to MIP- 
la and RANTES, but more recently has also been shown to signal in response to 
additional chemokine ligands. 

The selective recruitment of leukocyte subsets to sites of inflammation and the 
ordered trafficking of leukocytes through the circulation, tissues, lymphatic system and 
secondary lymphoid organs is controlled in part by the differential expression of 
chemokine receptors on subsets of cells. Such expression patterns would seem to 
ensure that a functionally related group of leukocytes can coordinately respond to a 
specific set of chemokines induced by a given stimulus. However, most leukocytes 
express several chemokine receptors, many with complex and promiscuous ligand 



interactions. For T cells, PCR or Northern blotting indicates that the known receptors 
for CC chemokines are expressed on subsets of T cells. Delineating exactly which 
subsets express particular receptors is an area of intense study, because chemokine 
receptor expression may explain the localization or migration of various cell types, such 
as THl or TH2 T cells or tissue homing subsets. It may also determine which T cells 
are infected with different strains of HIV- 1. This makes elucidating the normal immune 
function for a specific receptor on a given cell type and determining the relevance to 
initiation and progression of disease difficult, especially since specific antibodies are not 
available for many chemokine receptors. 

SUMMARY OF THE INVENTION 

CCRl was the first chemokine receptor shov^oi to interact with C-C (p) 
chemokines. Originally identified as a MIP-la/RANTES receptor, more recent studies 
have demonstrated that CCRl may have as many as 6 or more P chemokine ligands. 
Work described herein characterizes the expression of CCRl by flow cytometry and 
assesses in vitro the relative fimctional contribution of this receptor on human 
leukocytes using a blocking monoclonal antibody. In peripheral blood, all monocytes 
express high levels of CCRl, and monocyte responses to both MlP-la and RANTES 
can be completely blocked by the anti-CCRl mAb 2D4. CCRl is expressed on a small 
percentage of CD45RO+ CD26+ T cells, suggesting that it marks a subset of memory T 
cells. In contrast with chemokine receptors CCR5 and CXCR3, which are upregulated 
on activated T cells, CCRl expression is diminished upon T cell activafion. 
Neutrophils express low levels of CCRl and show a weak response to MlP-la in [Ca^^]j 
mobilization assays, which can be inhibited by the anfi-CCRl mAb 2D4. The 
expression of CCRl on eosinophils is extremely variable among individuals, ranging 
fi-om >90% positive to completely negative. The expression pattern of CCRl suggests 
that it is involved in a broad range of immunological activities, playing a major role in 
monocyte and eosinophil function, as well as in the fimction of a subset of T 
lymphocytes. 



The present invention relates to an antibody (immunoglobulin) or functional 
fragment thereof (e.g., an antigen-binding fragment) which binds to a mammalian CC- 
chemokine receptor 1 (also referred to as CCRl or CKR-1) or portion of the receptor 
(anti-CCRl). In one embodiment, the antibody of the present invention or fragment 
thereof has specificity for human CCRl or a portion thereof In another embodiment, 
the antibody or fragment of the invention inhibits (reduces or prevents) binding of a 
ligand (e.g., MlP-la, RANTES, MCP-2, MCP-3, leukotactin-1, HCC-1 or MPEF) to the 
receptor and inhibits one or more fiinctions associated with binding of the ligand to the 
receptor (e.g., leukocyte trafficking). In a preferred embodiment, the ligand is MlP-la 
or RANTES. For example, as described herein, antibodies and fragments thereof of the 
present invention which bind human CCRl or a portion thereof, can block binding of a 
chemokine (e.g., MlP-la, RAInTES, MCP-2, MCP-S^ leukotactin-1, HCC-1, or MPIF) 
to the receptor and inhibit function associated with binding of the chemokine to the 
receptor. 

In a preferred embodiment, the antibody of the invention or fragment thereof has 
the same or similar epitopic specificity as monoclonal antibody (mAb) LS125-2D4 
(2D4). For example, the antibody or fragment thereof can have epitopic specificity for 
the second extracellular loop of CCRl, such as a portion of CCRl from about amino 
acid 171 to about amino acid 205. In one embodiment, the antibody is monoclonal 
antibody 2D4 or an antibody which can compete with 2D4 for binding to human CCRl 
or a portion of human CCRL Functional fragments of the foregoing antibodies are also 
envisioned. 

In another embodiment, the antibody or fragment thereof binds CCRl with an 
affinity of greater than about 5 x 10'^ M, and more preferably at least about 5x10"^ M. 
In a further embodiment, the antibody of the invention or fragment thereof inhibits 
chemokine binding to CCRl, preferably with an IC50 of less than about 10 fig/ml, more 
preferably less than about 5 |ig/ml, and more preferably less than about 1.0 fig/ml. In 
one embodiment, the antibody of the invention or fragment thereof inhibits MlP-la 
binding to CCRl with an IC50 of about 0.5 ^g/ml. In another embodiment, the antibody 
of the invention or fragment thereof inhibits RANTES binding to CCRl with an IC50 of 



about 0.7 Jig/ml. In a further embodiment of the invention, the antibody or fragment 
thereof inhibits of chemokine-induced (e.g., MlP-la-, RANTES- or HCC-1 -induced) 
chemotaxis of cells (e.g., CCRl-bearing cells), preferably at less than about 50 |ig/ml, 
more preferably at less than about 20 ^g/ml, and even more preferably at less than about 
10 M-g/ml. It is envisioned that any of the antibodies or fragments described herein can 
be used in the methods described herein. 

The present invention also relates to an antibody or functional fragment thereof 
(e.g., an antigen-binding fragment) which binds to a mammalian CCRl or portion of the 
receptor and provides increased fluorescent staining intensity of CCRl or compositions 
comprising CCRl relative to other anti-CCRl antibodies. In one embodiment, the 
antibody is monoclonal antibody 2D4 or an antibody which can compete with 2D4 for 
binding to human CCRl or a portion of human CCRL 

The present invention further relates to a method of inhibiting the interaction of 
a cell bearing mammahan (e.g., human, non-human primate or murine) CCRl with a 
ligand thereof, comprising contacting the cell with an effective amount of an antibody or 
functional fragment thereof which binds to a mammalian CCRl or a portion of CCRl. 
Suitable cells include granulocytes, leukocytes, such as monocytes, macrophages, 
basophils and eosinophils, mast cells, and lymphocytes including T cells (e.g., CD8+ 
cells, CD4+ cells, CD26+ cells, CD25H- cells, CD45RO-f cells) such as Thl and Th2 
cells, and other cells expressing CCRl, such as a recombinant cell expressing CCRl or 
portion thereof (e.g., transfected cells). In a particular embodiment, the antibody is 2D4 
or an antibody which can compete with 2D4 for binding to human CCRl or a portion of 
human CCRl. 

Another embodiment of the invention relates to a method of inhibiting the 
interaction of a cell bearing mammalian CCRl with a chemokine, comprising 
contacting said cell with an effective amoxmt of an antibody or functional fragment 
thereof which binds to CCRl or a portion of said receptor. In one embodiment of the 
method, the antibody or functional fragment thereof is any one or more of 2D4, an 
antigen-binding fragment of 2D4 or an antibody or fragment thereof having an epitopic 
specificity which is the same as or similar to that of 2D4. Furthermore, the invention 
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inhibitors or promoters of receptor function. Such cells are also useful in assessing the 
function of the expressed receptor protein or polypeptide. 

Thus, the invention also relates to a method of detecting or identifying an agent 
which binds a mammalian CCRl or ligand binding variant thereof, comprising 
combining an agent to be tested, an antibody or antigen-binding fi-agment of the present 
invention (e.g., monoclonal antibody 2D4, an antibody having an epitopic specificity 
which is the same as or similar to that of 2D4, antigen-binding fragments of 2D4) and a 
composition comprising a mammalian CCRl protein or a ligand binding variant thereof 
The foregoing components can be combined under conditions suitable for binding of the 
antibody or antigen-binding fragment to mammalian CCRl protein or a ligand binding 
variant thereof, and binding of the antibody or fragment to the mammalian CCRl 
protein or ligand binding variant is detected or measured, either directly or indirectly, 
according to methods described herein or other suitable methods. A decrease in the 
amount of complex formed relative to a suitable control (e.g., in the absence of the 
agent to be tested) is indicative that the agent binds said receptor or variant. The 
composition comprising a mammalian CCRl protein or a ligand binding variant thereof 
can be a membrane fraction of a cell bearing recombinant CCRl protein or ligand 
binding variant thereof The antibody or fragment thereof can be labeled with a label 
such as a radioisotope, spin label, antigen label, enzyme label, fluorescent group and 
chemiluminescent group. These and similar assays can be used to detect agents, 
including ligands (e.g., chemokines which interact with CCRl) or other substances, 
including inhibitors or promoters of receptor function, which can bind CCRl and 
compete with the antibodies described herein for binding to the receptor. 

According to the present invention, ligands, inhibitors or promoters of receptor 
function can be identified in a suitable assay, and further assessed for therapeutic effect. 
Inhibitors of receptor function can be used to inhibit (reduce or prevent) receptor 
activity, and ligands and/or promoters can be used to induce (trigger or enhance) normal 
receptor function where indicated. These ligands, inhibitors and promoters can be used 
to treat inflammatory diseases, autoimmune diseases, atherosclerosis, and graft 
rejection, or HIV infection, for example, in a method comprising administering an 



inhibitor of receptor function (e.g., chemokine binding or HTV binding) to an individual 
(e.g., a mammal, such as a human). These ligands, inhibitors and promoters can also be 
used in a method of stimulating receptor function by administering a novel ligand or 
promoter to an individual, providing a new approach to selective stimulation of 
leukocyte function, which is useful, for example, in the treatment of infectious diseases 
and cancer. 

The present invention also encompasses a method of inhibiting leukocyte 
trafficking in a patient, comprising administering to the patient an effective amount of 
an antibody or functional fragment thereof which binds to a mammalian CCRl or 
portion of said receptor and inhibits function associated with binding of a ligand to the 
receptor. 

The present invention also relates io a method of inhibi ting or treating CCRl- 
mediated disorders, such as inflammatory disorders, comprising administering to a 
patient an effective amount of an antibody or functional fragment thereof which binds to 
a mammalian CCRl or portion of said receptor and inhibits CCRl-mediated function. 

The present invention further relates to an antibody or fragment thereof as 
described herein (e.g., monoclonal antibody 2D4, an antigen-binding fragment of 2D4, 
an antibody having an epitopic specificity which is the same as or similar to that of 2D4) 
for use in therapy (including prophylaxis) or diagnosis, and to the use of such an 
antibody or fragment for the manufacture of a medicament for the treatment of a CCRl- 
mediated disorder, or other disease or inflammatory condition as described herein. 

BRIEF DESCRff TION OF THE DRAWINGS 

Figures 1 A and IB show the specific binding of monoclonal antibody 2D4 to 
CCRl . Figure 1 A shows the results when monoclonal antibody 2D4 was used to stain a 
variety of CC chemokine receptor transfectants expressed on the LI -2 parental cell line. 
Only CCRl-transfected cells were positively stained. Figure IB is a graph showing the 
results when CCRl-transfected cells were used in ligand binding assays in the presence 
of increasing concentrations of monoclonal antibody 2D4. The total binding was 
11574± 1355 cpm for MlP-la and 1734± 118 forRANTES. 



Figures 2 A and 2B show that monocyte responses to MlP-la and RANTES are 
CCRl -dependent. Figure 2 A is a histogram of flow cytometry showing monocyte 
expression of CCRl. Normal human PBMC were stained with an irrelevant mouse 
IgGl antibody (dotted Une) and monoclonal antibody 2D4 (solid line). Monocytes were 
gated by forward and side scatters. Figure 2B shows monocyte intracellular calcium 
mobilization after chemokine stimulation. Human PBMC were loaded with Fluo-3 and 
stimulated with 20 nM of MlP-la, RANTES, IL-8 or 100 nM of HCC-1 as indicated by 
arrow heads. When antibody 2D4 was used, 50 |ig/ml 2D4 was added just before the 
stimulation. 

Figures 3 A and 3B show CCRl expression on peripheral blood lymphocytes. 
Figure 3 A shows the results when normal human PBMC were stained with 2D4 and 
monoclonal antibodies specific for T cells (CD3) or B cells (CD19). Figure 3B shows 
CCRl expression on T cell subsets. The plots shown were first gated on CD3+ cells, 
then analyzed for CCRl versus CD26, CD45RO, CXCR3 and CCR5. 

Figure 4 shows CCRl expression on activated T cells. Human PBMC were 
stimulated with anti-CD3 and IL-2 in the absence or presence of IFNa. Cells were 
cultured for ten days then stained with mAbs to CCRl, CCR5 and CXCR3 as indicated 
(solid line). Negative controls (dotted line) were stained with an irrelevant mouse IgGl. 
Data obtained from day 14 staining gave a similar profile. 

Figures 5A and 5B show inhibition of chemotaxis with anti-CCRl mAb 2D4. 
Activated T cells were used in a chemotaxis assay to 50 nM of MlP-la, MIP-ip or 
RANTES in the presence of 50 ^ig/ml 2D4 (anti-CCRl, solid bar), 2D7 (anti-CCR5, 
blank bar) or both mAbs at 50 |ig/ml each (hatched bar). Figure 5A shows the results 
when T cells were stimulated in the absence of INFa. Figure 5B shows the results when 
T cells were cultured in the presence of IFNa. Migrated cells were counted by flow 
cytometry. In this experiment, the coimts of total migration of CD3 blasts without IFNa 
were 3155, 2683 and 5483 for MlP-la, MIP-ip and RANTES, respectively, with a 
background of 246. The total migration of IFNa treated cells were 1 1352, 6542 and 
12136 for Mff-la, MIP-lp and RANTES, respectively, with a background of 612. The 
data are representative of three experiments giving similar results. 
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Figure 6 shows various expression levels of CCRl on eosinophils. Eosinophils 
were purified from normal donors and stained with anti-CCRl mAb 2D4. Dot plots 
were used to better demonstrate positively stained cells. Data were staining profiles 
from four different donors to represent the range of CCRl expression on eosinophils 
from different individuals. 

Figures 7 A and 7B show that eosinophil chemotaxis to MlP-la can be 
completely inhibited by anti-CCRl monoclonal antibody 2D4. Purified eosinophils 
from a donor that showed >90% CCRl positive cells were used in chemotaxis assays 
(Forssmann et al, FEES Lett 408:21 1 (1997)) to increasing concentrations of MlP-la 
(Figure 7A) and eotaxin (Figure 7B), in the presence of anti-CCRl mAb 2D4 or anti- 
CCR3 mAb 7B1 1 at 20 ^g/ml. Chemotaxis was carried out in 96-well plates, and 
migrated cells were measured by a fluorescence plate reader. 

Figure 8 shows the staining of human blood with anti-CCRl mAb 2D4. 
Neutrophils were identified by forward and side scatters. 

Figures 9A-9F show neutrophil intracellular Ca^"^ mobilization. Fluo-3 loaded 
neutrophils were stimulated, as indicated by arrow heads, with 100 nM of MlP-la 
(Figures 9 A and 9D), 100 nM MPIF (Figures 9B and 9E) or 2 nM IL-8 (Figures 9C and 
9F) in the absence of antibody (9 A, 9B and 9C) or in the presence of 50 \ig/m\ of 2D4 
(9D-9F). 

Figures lOA and lOB are schematic illustrations of the determination of the 
epitopic specificity of mAb 2D4 using CCR1/CCR3 receptor chimeras. The upper row 
of panels shows the binding of 2D4 (stippled outline) and a control antibody (open 
outline) to various receptor chimeras constructed from portions of CCRl (stippled) and 
CCR3 (shaded) as indicated. The lower row of panels shows the binding of anti-CCR3 
mAb 7B1 1 (stippled outline) and a control antibody (open outline) to the indicated 
receptor chimeras. mAb 2D4 binds to the second extracellular loop of CCRL 

Figure 1 1 is a fluorescence plot illustrating the expression of CCRl on human 
basophils. Human blood was stained with anti-CCRl, and basophils were identified by 
double staining with anti-IgE and gated by forward and side scatters. Anti-CCRl 2D4 



staining is represented by shading. The control mouse IgGl staining is represented by 
solid lines. 

Figure 12 depicts the amino acid sequence of human CCRl . The predicted N- 
terminal, transmembrane (TM), extracellular (EC) and C-terminal portions are 
indicated. 

DETAILED DESCRIPTION OF THE INVENTION 

The first C-C chemokine receptor identified, CCRl, was originally described as 
a MIP-la/RANTES receptor. Since those reports, however, CCRl has been shown to 
interact with a number of p chemokines, including MlP-la, RANTES, MCP-2, MCP-3, 
leukotactin-1, HCC-1, and MPIF (Schall et al, Eur. J. Immunol 22\\A11 (1992); 
Forssmami ei al, FEES Lett 4082\ 1 (1997); Gong et al, 1 Biol Chem. 272:1 1682 

(1997) ; Youn et al, J. Immunol 75P:5201 (1997); and Youn et al, Blood P7:31 18 

(1998) ). Leukotactin-1 is also known as HCC-2 or MIP-16, HCC-1 is also known as 
Ckplor MIP-1 Y, and MPIF is also known as CKpS or MIP-3. Most of these 
chemokines are also reported as functional ligands for other chemokine receptors, such 
as CCR2 (Combadiere et al, J. Biol Chem. 270:29671 (1995)), CCR3 (Ponath et al, J. 
Exp. Med. 183:2437 (1996)) and CCR5 (Samson et al, Biochemistry J5:3362 (1996), 
Raport et al, J. Biol Chem. 277:17161 (1996)), with expression patterns overlapping 
that of CCRL CCRl mRNA has been detected in T cells (Loetscher et al, J. Exp. Med. 
184:569 (1996)), B cells (Gao et al, J. Exp Med 177:1411 (1993)), basophils 
(Uguccioni et al, J. Clin. Invest. 100:1137 (1997)), eosinophils (Post et al, J. Immunol 
155:5299 (1995)), monocytes and granulocytes (Nomura et al, Int. Immunol 5:1239 
(1993)), as well as dendritic cells (Sozzani et al, J. Immunol ;5/:1083 (1998)), and all 
have been shown to be ftmctionally responsive to CCRl ligands. 

Targeted disruption of CCRl in mice has provided some insights into the role of 
this receptor in normal immune fimction and disease pathology. In one study (Gao et 
al, J. Exp. Med. 185:1959 (1997)), CCRl -/- mice showed abnormal steady-state and 
induced trafficking of myeloid progenitors firom bone marrow to blood and spleen, 
accelerated mortality upon challenge with Aspergillus fumigatus likely due to impaired 



-12- 



neutrophil function, diminished granulomatous inflammatory responses and altered 
Thl/Th2 cytokine balance. A separate report (Lu et aL Exp. Med. 187:601 (1998)) 
linked CCRl to respiratory distress syndrome secondary to acute pancreatitis in mice, 
attributable to reduced intrapancreatic sequestration of neutrophils in the CCRl knock- 
out animals. 

Several studies have demonstrated in vivo functions for MlP-la and RANTES, 
the two most thoroughly studied CCRl ligands. The importance of MEP-la to both T 
cell-dependent and NK-dependent viral clearance has been demonstrated with MIP-loc 
knock-out mice (Cook et al, Science 259:1583 (1995)). The use of neutralizing antisera 
against MlP-la and RANTES in rodent models of airway inflammation (Standiford et 
al, J. Immunol 755:1515 (1995)), experimental allergic encephalomyelitis (EAE) 
(Karpus et al, 1 Immunol 755:5003 (1995)) and arthritis (Bames et al, J. Clin. Invest. 
707:2910 (1998)) suggests a role for these ligands in a range of inflammatory diseases. 
However, because MlP-la and RANTES are ligands for CCRl, CCR3, and CCR5 in 
the mouse, the role of these individual receptors in these models and their validation as 
anti-inflanunatory drug targets remains unclear. 

As a step toward understanding the function of CCRl in humans, a monoclonal 
antibody (mAb) against this receptor has been produced as described herein and used to 
characterize the expression and functions of CCRl on human leukocytes. Inhibition of 
CCRl ligand activities in vitro by receptor blockade with the mAb support and confirm 
the results of flow cytometry. These data demonstrate that the expression and regulation 
of CCRl is distinct from other C-C chemokine receptors such as CCR3 and CCR5, 
which share some common ligands, and provide further evidence for a complex and 
multifaceted chemokine-receptor system. 

Chemokines and their receptors constitute an important component in the 
regulation of directed leukocyte migration. During an inflammatory response, 
chemokines are produced locally which attract various leukocytes bearing the 
corresponding receptors. While the spectrum of chemokines expressed at the lesion can 
differentially attract certain inflammatory cells, selectivity and variation in chemokine 
receptor expression on leukocytes provides further regulation to ensure appropriate cell 
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by human PBMC (Bug et al, Exp. Hematol 26\\\1 (1 998)). Moreover, studies with 
MlP-la deficient mice show impaired T cell inflammatory responses associated with 
infection by several viruses, including resistance to Coxsackie virus-induced 
myocarditis and reduced pneumonitis associated with influenza virus, as well as 
5 resistance to herpes simplex virus type 1 associated stromal keratitis (Tumpey et al, J, 
Virol 72:3705 (1998)). 

In addition to lymphocytes, monocytes also respond to C-C chemokines. It is 
shown herein by receptor blockade with mAb 2D4 that monocyte responses to MlP-la 
and RANTES, as well as to HCC-1, appear to be entirely CCRl -dependent. Thus far 
10 the only other major C-C chemokine receptor found on human monocytes is CCR2. 
Given the role the monocyte/macrophage lineage may play as antigen presenting cells, 
and the fmdings that monGe>1e-derived dendritic cells express CCRl (Sozzani et al, 1 
Immunol 7(57:1083 (1998)), this receptor and its ligands may play important roles in 
specific immune responses by regulating the migration of anfigen presenting cells. 
1 5 A number of studies have demonstrated the importance of CCRl in rodent 

granulocyte migration. However, the expression and fimction of CCRl on human 
granulocytes has remained unclear. With the specific mAb 2D4 described herein, CCRl 
was detected on the majority of granulocytes. On eosinophils, the expression of CCRl 
was highly variable among donors, in contrast to CCR3 which was always expressed at 
20 uniformly high levels. 

Although CCRl was found to be expressed on neutrophils, significant 
chemotactic response of these cells to CCRl ligands MlP-la, RANTES or MPIF was 
not observed. The inability of neutrophils to migrate to CCRl ligands could be due to 
the low density of receptor on the cell surface, as indicated by weak immunostaining, 
25 the lack of a signal transduction pathway component, or the lack of adhesion molecules. 
Similarly, it was observed that with resting T cells, about 30-40% of peripheral blood T 
cells express CXCR3 but fail to migrate in response to IP- 10 or MIG unless activated 
with anti-CD3 and IL-2 (Qin et al, J. Clin. Invest. 101:746 (1998)). Alternatively, the 
results may suggest that chemotaxis is not the primary function of CCRl on neutrophils. 
30 In fact, evidence for differential fimction of chemokine receptors has been described in 
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neutrophils where IL-8 engagement of CXCRl, but not CXCR2, resulted in activation 
of NADPH oxidase and phospholipase D, while both receptors functioned in 
chemotaxis and elastase release (Jones et al, Proc. Natl Acad. ScL USA, 93:6682 
(1996)). The lack of neutrophil chemotactic activity to CCRl ligands is consistent with 
5 two previous reports which were also unable to detect neutrophil migration to MEP-la 
(McColl et al, 1 Immunol 750:4550 (1993)) or MPIF (Forssmann et aL FEES Lett. 
408:211 (1997)), but in disagreement with other studies which found MPIF was 
chemotactic for neutrophils (Patel et al, J. Exp. Med. 755:1 163 (1997)). About 10% of 
neutrophils responded to MlP-la or MPIF stimulation with intracellular Ca^"^ 
10 mobilization, which was shown to be mediated by CCRl, as 2D4 could completely 

block the response. The observed [Ca^^Jj flux was not due to contaminating eosinophils, 
y since eosinophils from these donors constitute less than 3% of total granulocytes, and is 

j^fi consistent with previous reports which found both MlP-la and MPIF stimulated a 

IJ flux in neutrophils. 

Wi 15 The expression of CCRl on various leukocytes reported herein utilizing the anti- 

ng 

^1 CCRl mAb 2D4 is in marked contrast to a previous report using polyclonal antisera 

raised against a CCRl N-terminal peptide-GST fusion protein (Su et al, J, Leukoc. Biol 
(50:658 (1996)). It is shown herein that mAb 2D4 detected CCRl expression on almost 

m 

^ all monocytes, and Su et al report that their polyclonal antisera detected CCRl 



20 expression on monocytes. However the 2D4 mAb detected CCRl expression only on 
discrete subpopulation of T cells; in contrast Su et al report that the antisera stained 
>80% of CD3+ from peripheral blood. 2D4 also detected a discrete subpopulation of B 
cells (approximately 1-5%), while Su et al report that the antisera did not detect CCRl 
expression on B cells, eosinophils or neutrophils. 2D4 not only detected this expression 

25 by flow cytometry but was able to functionally block MIP-l a-mediated chemotaxis and 
Ca^"^ flux in these cells, confirming the authenticity of staining and indicating that CCRl 
is the predominant, if not the only, MlP-la receptor on granulocytes. The significant 
discrepancy in staining profiles between the 2D4 mAb and the rabbit polyclonal antisera 
may be due to the different epitopes recognized by the reagents, as the rabbit polyclonal 

30 is reported to recognize epitopes in the NH2-terminal domain, and 2D4 recognizes the 
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second extracellular loop. Poor sensitivity resulting from low titre of antibodies 
recognizing native epitopes, as well as low affinity antibodies in the antisera, may 
explain the lack of detection of CCRl on B cells, eosinophils, and neutrophils with the 
rabbit polyclonal antisera. Su et al report that the antisera inhibited less than 50% of 
5 monocyte chemotaxis at 100 |xg/ml, while 2D4 showed 100% inhibition at 50 ^g/ml. 
However, the discrepancy in identification of T cell expression between the two 
reagents likely results from different epitope accessibility on the different cell types. 

The ligands of CCRl include MlP-la, RANTES and MCP-3, which are also 
shared by other receptors, e.g. CCR3 interacts with MlP-a and RANTES as well as 
10 eotaxin, and CCR5 interacts with MlP-la and RANTES as well as MIP-1 p. This 

seeming redundancy may be necessary if the distribution of receptors for these ligands is 
considered. CCR3 is predominantly expressed on eosinophils, basophils and subsets of 
T cells but not on neutrophils or monocytes; CCR5 is expressed mostly on T cells, 
especially activated T cells. Work described herein shows that CCRl could be found on 
15 all monocytes, the majority of granulocytes, including basophils, and a subpopulation of 
T cells. Furthermore, CCRl expression on eosinophils and T cells appeared to be 
actively regulated. Therefore, each receptor has its own distinct population of host cells 
which may fimction differently during inflammatory responses. 

The present invention relates to an antibody (anti-CCRl) or functional fragment 
20 thereof which binds mammaUan CC-chemokine receptor 1 (CCRl, CKR-1) or a portion 
of CCRl. In one embodiment, the antibody has specificity for human CCRl or portion 
thereof In one embodiment, the antibody (immunoglobulin) is raised against an 
isolated and/or recombinant mammalian CCRl or portion thereof (e.g., peptide) or 
against a host cell which expresses mammalian CCRl . In a preferred embodiment, the 
25 antibody specifically binds human CCRl receptor or a portion thereof, and in a 

particularly preferred embodiment the antibody has specificity for a naturally occurring 
or endogenous human CCRl. Antibodies or fimctional fragments thereof which can 
inhibit one or more fimctions characteristic of a mammalian CCRl, such as a binding 
activity (e.g., ligand, inhibitor and/or promoter binding), a signaling activity (e.g., 
30 activation of a mammaUan G protein, induction of a rapid and transient increase in the 
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concentration of cytosolic free calcium [Ca^"^]^), and/or stimulation of a cellular response 
(e.g., stimulation of chemotaxis, exocytosis or inflammatory mediator release by 
leukocytes, integrin activation) are also encompassed by the present invention, such as 
an antibody which can inhibit binding of a ligand (i.e., one or more ligands) to CCRl 
and/or one or more functions mediated by CCRl in response to a ligand. For example, 
in one aspect, the antibodies or functional fragments thereof can inhibit (reduce or 
prevent) the interaction of receptor with a natural ligand, such as MlP-la, RANTES, 
MCP-2, MCP-3, leukotactin-1, HCC-1 or MPIF. In one embodiment, the ligand is 
MlP-la, RANTES or HCC-1 . In another aspect, an antibody or functional fragment 
thereof that binds to CCRl can inhibit binding of MlP-la, RANTES, MCP-2, MCP-3, 
leukotactin-1, HCC-1 or MPIF to mammalian CCRl (e.g., human CCRl, non-human 
primate CCRl, murine CCRl). The antibodies or functional fragments thereof of the 
present invention can inhibit functions mediated by human CCRl, including leukocyte 
trafficking, T cell activation, inflammatory mediator release and/or leukocyte 
degranulation. In a particular embodiment, antibodies or functional fragments thereof 
demonstrate inhibition of chemokine-induced (e.g., MlP-la-, RANTES- or HCC-1- 
induced) chemotaxis of cells (e.g., CCRl -bearing cells), preferably at less than about 50 
fig/ml, more preferably at less than about 20 p-g/ml, and even more preferably at less 
than about 10 p-g/ml. 

In a further embodiment of the invention, the antibodies or functional fragments 
thereof of the invention can inhibit binding of a CCRl ligand (e.g., a chemokine) to 
CCRl, preferably with an IC50 of less than about 10 ^ig/ml, more preferably with an IC50 
of less than about 5 ^g/ml, and even more preferably with an IC50 of less than about 1.0 
|ig/ml. In another embodiment, the antibodies or functional fragments thereof of the 
invention can inhibit binding of MlP-la to CCRl with an IC50 of about 0.5 |ig/ml. In a 
further embodiment, the antibodies or fragments thereof of the invention can inhibit 
binding of RANTES to CCRl with an IC50 of about 0.7 ^g/ml. In a further embodiment 
of the invention, the antibodies or fragments thereof bind CCRl with an affinity of 
greater than about 5x10"^ M, and preferably at least about 5x10"^ M. 
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A murine monoclonal antibodiyspecific for CCRl, designated 2D4, was 
produced as described herein. In a preferred embodiment, the antibodies of the present 
invention bind human CCRl, and have an epitopic specificity which is the same as or 
similar to that of murine 2D4 antibody described herein. Antibodies with an epitopic 
5 specificity which is the same as or similar to that of murine 2D4 monoclonal antibody 
can be identified using art-recognized techniques. For example, antibodies having an 
epitopic specificity which is the same as or similar to that of 2D4 can be identified by 
their ability to compete with murine 2D4 monoclonal antibody for binding to human 
CCRl (e.g., to cells bearing human CCRl, such as transfectants bearing CCRl, CD8+ 
10 cells, CD4+ cells, CDR45RO+ cells, CD25+ cells, monocytes, dendritic cells, 

macrophages and basophils), by their ability to inhibit binding of 2D4 to human CCRl, 
or through the use of receptor chimeras. Using receptor chimeras (Rucker et aL, Cell 
57:437-446 (1996)), mAb 2D4 has been shown to bind to the second extracellular loop 
of CCRl (Figures lOA and lOB). For example, 2D4 can bind a region consisting 



in 15 essentially of amino acids 171 to 205 of human CCRl (e.g., from about amino acid 171 

=£ 

vj to about amino acid 205; Figure 12). Using these or other suitable techniques, 

L antibodies having an epitopic specificity which is the same as or similar to that of an 

^ antibody of the present invention can be identified. The invention also relates to a 

bispecific antibody, or fixnctional fragment thereof (e.g., F(ab')2), which has the same or 



20 similar epitopic specificity as 2D4 and least one other antibody (see, e.g., U.S. Patent 
No. 5,141,736 (Iwasa et al\ U.S. Patent Nos. 4,444,878, 5,292,668, 5,523,210 (all to 
Paulus et al) and U.S. Patent No. 5,496,549 (Yamazaki et al), 

A hybridoma cell line producing antibodies according to the present invention 
were deposited on February 1, 1999, on behalf of LeukoSite, Inc., 215 First Street, 

25 Cambridge, MA 02142, U.S.A., at the American Type Culture Collection, 10801 
University Boulevard, Manassas, Virginia 201 10, U.S.A., under Accession No. HB- 
12644 (LS125-2D4-1 1-10-1 (2D4)). The present invention also pertains to the 2D4 
hybridoma cell line deposited imder ATCC Accession No. HE- 12644, as well as to the 
monoclonal antibody produced by the 2D4 hybridoma cell line deposited imder ATCC 

30 Accession No. HE- 12644. 
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immunized with the antigen of interest. The fused cells (hybridomas) can be isolated 
using selective culture conditions, and cloned by limiting dilution. Cells which produce 
antibodies with the desired binding properties can be selected by a suitable assay (e.g., 
ELISA). 

Other suitable methods of producing or isolating antibodies which bind CCRl, 
including human or artificial antibodies, can be used, including, for example, methods 
which select recombinant antibody (e.g., single chain Fv or Fab) from a library, or 
which rely upon immunization of transgenic animals (e.g., mice) capable of producing a 
repertoire of human or artificial antibodies (see e.g., Jakobovits et aL, Proc, Natl Acad. 
Set USA, 90: 2551-2555 (1993); Jakobovits et aL Nature, 362: 255-258 (1993); 
Lonberg et al, U.S. Patent No. 5,545,806; Surani et al, U.S. Patent No. 5,545,807). 

Single chain antibodies, and chimeric, humanized or primatized (CDR-grafted) 
antibodies, as well as chimeric or CDR-grafted single chain antibodies, and the like, 
comprising portions derived from different species, are also encompassed by the present 
invention and the term "antibody". The various portions of these antibodies can be 
joined together chemically by conventional techniques, or can be prepared as a 
contiguous protein using genetic engineering techniques. For example, nucleic acids 
encoding a chimeric or humanized chain can be expressed to produce a contiguous 
protein. See, e.g., Cabilly et al, U.S. Patent No. 4,816,567; Cabilly et aL, European 
Patent No. 0,125,023 Bl; Boss et al„ U.S. Patent No. 4,816,397; Boss et ai, European 
Patent No. 0,120,694 Bl; Neuberger, M.S. et al, WO 86/01533; Neuberger, M.S. et al, 
European Patent No. 0,194,276 Bl; Winter, U.S. Patent No. 5,225,539; Winter, 
European Patent No. 0,239,400 Bl; and Queen et al., U.S. Patent Nos. 5,585089, 
5,698,761 and 5,698,762. See also, Newman, R. et al, BioTechnology, 10: 1455-1460 
(1992), regarding primatized antibody, and Ladner et al, U.S. Patent No. 4,946,778 and 
Bird, R.E. et al, Science, 242: 423-426 (1988)) regarding single chain antibodies. 

In addition, fimctional fragments of antibodies, including fragments of chimeric, 
humanized, primatized or single chain antibodies, can also be produced. Functional 
fragments of the foregoing antibodies retain at least one binding Sanction and/or 
modulation fimction of the full-length antibody from which they are derived. Preferred 
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fimctional fragments retain an antigen-binding function of a corresponding full-length 
antibody (e.g., retain the ability to bind a mammalian CCRl). Particularly preferred 
functional fragments retain the ability to inhibit one or more functions characteristic of a 
mammalian CCRl, such as a binding activity, a signaling activity, and/or stimulation of 
a cellular response. For example, in one embodiment, a functional fragment can inhibit 
the interaction of CCRl with one or more of its ligands (e.g., MlP-la, RANTES, MCP- 
2, MCP-3, leukotactin-1, HCC-1, or MPIF), and/or can inhibit one or more receptor- 
mediated functions, such as leukocyte trafficking, HIV entry into cells, T cell activation, 
inflammatory mediator release and/or leukocyte degranulation. 

For example, antibody fragments capable of binding to a mammalian CCRl 
receptor or portion thereof, including, but not limited to, Fv, Fab, Fab* and F(ab')2 
fragments are encompassed by the invention. Such fragments can be produced by 
enzymatic cleavage or by recombinant techniques, for example. For instance, papain or 
pepsin cleavage can generate Fab or F(ab% fragments, respectively. Antibodies can 
also be produced in a variety of truncated forms using antibody genes in which one or 
more stop codons has been introduced upstream of the natural stop site. For example, a 
chimeric gene encoding a F(ab')2 heavy chain portion can be designed to include DNA 
sequences encoding the CH, domain and hinge region of the heavy chain. 

The term "humanized immunoglobulin" as used herein refers to an 
inmiunoglobulin comprising portions of immunoglobulins of different origin, wherein at 
least one portion is of human origin. Accordingly, the present invention relates to a 
humanized immunoglobulin which binds mammalian CCRl (e.g., human CCRl, 
murine CCRl), said immune globuHn comprising an antigen-binding region of 
nonhuman origin (e.g., rodent) and at least a portion of an immunoglobulin of human 
origin (e.g., a human framework region, a human constant region or portion thereof). 
For example, the humanized antibody can comprise portions derived from an 
inmiunoglobulin of nonhuman origin with the requisite specificity, such as a mouse, and 
from immunoglobulin sequences of human origin (e.g., a chimeric immunoglobulin), 
joined together chemically by conventional techniques (e.g., synthetic) or prepared as a 
contiguous polypeptide using genetic engineering techniques (e.g., DNA encoding the 
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nutritional supplements, etc.), whereby the encoded polypeptide is produced. If desired, 
the encoded protein can be recovered and/or isolated (e.g., from the host cells, medium, 
milk). It will be appreciated that the method of production encompasses expression in a 
host cell of a transgenic animal (see e.g., WO 92/03918, GenPharm International, 
5 published March 19, 1992). 

As described herein, antibodies and ftinctional fragments thereof of the present 
invention can block (inhibit) binding of a ligand to CCRl and/or inhibit one or more 
fimctions associated with binding of the ligand to the CCRl . As discussed below 
various methods can be used to assess inhibition of binding of a ligand to CCRl and/or 
10 function associated with binding of the ligand to the receptor. 

Binding Assays 

As used herein "mammaUan CCRl*' refers to naturally occurring or endogenous 
mammalian CCRl proteins and to proteins having an amino acid sequence which is the 
same as that of a naturally occurring or endogenous corresponding mammalian CCRl 
15 protein (e.g., recombinant proteins). Accordingly, as defined herein, the term includes 
mature receptor protein, polymorphic or allelic variants, and other isoforms of a 
mammalian CCRl (e.g., produced by alternative splicing or other cellular processes), 
and modified or unmodified forms of the foregoing (e.g., glycosylated, unglycosylated). 
Mammalian CCRl proteins can be isolated and/or recombinant proteins (including 
20 synthetically produced proteins). Naturally occurring or endogenous mammalian CCRl 
proteins include wild type proteins such as mature CCRl, polymorphic or allelic 
variants and other isoforms which occur naturally in mammals (e.g., humans, 
non-human primates). Such proteins can be recovered or isolated from a source which 
naturally produces mammalian CCRl, for example. These proteins and mammalian 
25 CCRl proteins having the same amino acid sequence as a naturally occurring or 
endogenous corresponding mammalian CCRl, are referred to by the name of the 
corresponding mammal. For example, where the corresponding mammal is a human, 
the protein is designated as a human CCRl protein (e.g., a recombinant human CCRl 
produced in a suitable host cell). 
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"Fimctional variants" of mammalian CCRl proteins include functional 
fragments, functional mutant proteins, and/or functional fusion proteins (e.g., produced 
via mutagenesis and/or recombinant techniques). Generally, fragments or portions of 
mammalian CCRl proteins include those having a deletion (i.e., one or more deletions) 
of an amino acid (i.e., one or more amino acids) relative to the mature mammalian 
CCRl protein (such as N-terminal, C-terminal or internal deletions). Fragments or 
portions in which only contiguous amino acids have been deleted or in which 
non-contiguous amino acids have been deleted relative to mature mammalian CCRl 
protein are also envisioned. 

Generally, mutants of mammalian CCRl proteins include natural or artificial 
variants of a manmialian CCRl protein differing by the addition, deletion and/or 
substitution of one or more contiguous or non-contiguous amino acid residues (e.g., 
receptor chimeras). Such mutations can be in a conserved region or nonconserved 
region (compared to other CXC (a) and/or CC (p) chemokine receptors), extracellular, 
cytoplasmic, or transmembrane region, for example. 

Generally, fusion proteins encompass polypeptides comprising a mammalian 
CCRl (e.g., human CCRl) or a variant thereof as a first moiety, Hnked via a peptide 
bond to a second moiety not occurring in the mammalian CCRl as found in nature. 
Thus, the second moiety can be an amino acid, oligopeptide or polypeptide. The first 
moiety can be in an N-terminal location, C-terminal location or internal to the fusion 
protein. In one embodiment, the fusion protein comprises an affinity ligand (e.g., an 
enzyme, an antigen, epitope tag) as the first moiety, and a second moiety comprising a 
linker sequence and human CCRl or a portion thereof Additional (e.g., third, fourth) 
moieties can be present as appropriate. 

A "fimctional fragment or portion", "functional mutant" and/or "functional 
fusion protein" of a mammalian CCRl protein refers to an isolated and/or recombinant 
protein or polypeptide which has at least one function characteristic of a mammalian 
CCRl protein as described herein, such as a binding activity, a signaling activity and/or 
ability to stimulate a cellular response. Preferred functional variants can bind a ligand 
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(i.e., one or more ligands such as MlP-la, RANTES, MCP-2, MCP-3, leukotactin-1, 
HCC-1, or MPIF), and are referred to herein as "ligand binding variants". 

In one embodiment, a functional variant of mammahan CCRl shares at least 
about 85% sequence identity with said mammalian CCRl, preferably at least about 90% 
sequence identity, and more preferably at least about 95% sequence identity with said 
mammalian CCRl . In another embodiment, a functional fusion protein comprises a 
first moiety which shares at least about 85% sequence identity with a mammalian 
CCRl, preferably at least about 90% sequence identity, and more preferably at least 
about 95% sequence identity with a mammalian CCRl . Sequence identity can be 
determined using a suitable program, such as the Blastx program (Version 1 .4), using 
appropriate parameters, such as default parameters. In one embodiment, parameters for 
Blastx search are scoring matrix BLOSUM62, W=3. In another embodiment, a 
functional variant comprises a nucleic acid sequence which is different from the 
naturally-occurring nucleic acid molecule but which, due to the degeneracy of the 
genetic code, encodes mammalian CCRl or a portion thereof. 

A composition comprising an isolated and/or recombinant mammahan CCRl or 
functional variant thereof can be maintained under conditions suitable for binding, the 
mammalian CCRl or variant is contacted with an antibody or fragment to be tested, and 
binding is detected or measured directly or indirectly. In one embodiment, cells which 
naturally express CCRl or cells comprising a recombinant nucleic acid sequence which 
encodes a mammahan CCRl or variant thereof are used. The cells are maintained under 
conditions appropriate for expression of receptor. The cells are contacted with an 
antibody or fragment under conditions suitable for binding (e.g., in a suitable binding 
buffer), and binding is detected by standard techniques. To determine binding, the 
extent of binding can be determined relative to a suitable control (e.g., compared with 
background determined in the absence of antibody, compared with binding of a second 
antibody (i.e., a standard), compared with binding of antibody to untransfected cells). A 
cellular fi-action, such as a membrane fi-action, containing receptor or liposomes 
comprising receptor can be used in lieu of whole cells. 
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In one embodiment, the antibody is labeled with a suitable label (e.g., 
fluorescent label, isotope label, antigen or epitope label, enzyme label), and binding is 
determined by detection of the label. In another embodiment, bound antibody can be 
detected by labeled second antibody. Specificity of binding can be assessed by 
5 competition or displacement, for example, using unlabeled antibody or a ligand as 
competitor. 

Binding inhibition assays can also be used to identify antibodies or fi-agments 
thereof which bind CCRl and inhibit binding of another compound such as a ligand 
(e.g., MlP-la, RANTES, MCP-2, MCP-3, leukotactin-1, HCC-1, or MPIF) to CCRl or 
10 a functional variant. For example, a binding assay can be conducted in which a 

reduction in the binding of a ligand of CCRl (in the presence of an antibody such as 
2D4), as compared to binding of the ligand in the absence of the antibody, is detected or 
measured. A composition comprising an isolated and/or recombinant mammalian 
CCRl or functional variant thereof can be contacted with the ligand and antibody 
15 simultaneously, or one after the other, in either order. A reduction in the extent of 
binding of the ligand in the presence of the antibody, is indicative of inhibition of 
binding by the antibody. For example, binding of the ligand could be decreased or 
aboHshed. 

In one embodiment, direct inhibition of the binding of a ligand (e.g., a 
20 chemokine such as MlP-la, RANTES, MCP-2, MCP-3, leukotactin-1, HCC-1, or 
MPIF) to a mammalian CCRl or variant thereof by an antibody or fragment is 
monitored. For example, the ability of an antibody to inhibit the binding of '^^I-labeled 
MlP-la, '2^1-labeled RANTES, ^^^I-labeled MCP-2, ^^^I-labeled MCP-3, ^^^I-labeled 
leukotactin-1, '"l-labeled HCC-1 or '^^Mabeled MPIF to mammalian CCRl can be 
25 monitored. Such an assay can be conducted using suitable cells bearing CCRl or a 
functional variant thereof, such as isolated blood cells (e.g., T cells) or a suitable cell 
line naturally expressing CCRl, or a cell line containing nucleic acid encoding a 
mammalian CCRl, or a membrane fi-action fi'om said cells, for instance. 

Other methods of identifying the presence of an antibody which binds CCRl are 
30 available, such as other suitable binding assays, or methods which monitor events which 
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are triggered by receptor binding, including signaling function and/or stimulation of a | 
cellular response (e.g., leukocyte trafficking). 

It will be understood that the inhibitory effect of antibodies of the present 
invention can be assessed in a binding inhibition assay. Competition between 
5 antibodies for receptor binding can also be assessed in the method. Antibodies which 
are identified in this manner can be further assessed to determine whether, subsequent to 
binding, they act to inhibit other functions of CCRl and/or to assess their therapeutic 
utility. 

Signaling Assays 

10 The binding of a ligand or promoter, such as an agonist, to CCRl can result in 

signaling by this G protein-coupled receptor, and the activity of G proteins as well as 
other intracellular signaling molecules is stimulated. The induction of signaling 
function by a compound (e.g., an antibody or fragment thereof) can be monitored using 
any suitable method. Such an assay can be used to identify antibody agonists of CCRl . 
15 The inhibitory activity of an antibody or functional fragment thereof can be determined 
using a ligand or promoter in the assay, and assessing the ability of the antibody to 
inhibit the activity induced by ligand or promoter. 

G protein activity, such as hydrolysis of GTP to GDP, or later signaling events 
triggered by receptor binding, such as induction of rapid and transient increase in the 
20 concentration of intracellular (cytosolic) free calcium [Ca^"^],, can be assayed by methods 
known in the art or other suitable methods (see e.g., Neote, K. et al, Cell 72: 415-425 
1993); Van Riper et al, J. Exp. Med., 177: 851-856 (1993); Dahinden, C.A. et al, J, 
Exp. Med., 179\ 751-756 (1994)). 

For example, the functional assay of Sledziewski et al using hybrid G protein 
25 coupled receptors can be used to monitor the ability a ligand or promoter to bind 
receptor and activate a G protein (Sledziewski et al, U.S. Patent No. 5,284,746, the 
teachings of which are incorporated herein by reference). 

Such assays can be performed in the presence of the antibody or fragment 
thereof to be assessed, and the ability of the antibody or fragment to inhibit the activity 
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induced by the ligand or promoter is determined using known methods and/or methods 
described herein. 

Chemotaxis and Assays of Cellular Stimulation 

Chemotaxis assays can also be used to assess the ability of an antibody or 
functional fragment thereof to block binding of a ligand to mammalian CCRl or 
functional variant thereof and/or inhibit function associated with binding of the ligand to 
the receptor. These assays are based on the functional migration of cells in vitro or in 
vivo induced by a compound. Chemotaxis can be assessed as described in the 
Examples, e.g., in an assay utilizing a 96-well chemotaxis plate, or using other art- 
recognized methods for assessing chemotaxis. For example, the use of an in vitro 
transendothelial chemotaxis assay is described by Springer et al (Springer et al, WO 
94/20142, published September 15, 1994, the teachings of which are incorporated 
herein by reference; see also Berman et al, Immunol Invest. 17: 625-677 (1988)). 
Migration across endothelium into collagen gels has also been described (Kavanaugh et 
al, 1 Immunol, 146: 4149-4156 (1991)). Stable transfectants of mouse LI. 2 pre-B 
cells or of other suitable host cells capable of chemotaxis can be used in chemotaxis 
assays, for example. 

Generally, chemotaxis assays monitor the directional movement or migration of 
a suitable cell (such as a leukocyte (e.g., lymphocyte, eosinophil, basophil)) into or 
through a barrier (e.g., endothelium, a filter), toward increased levels of a compound, 
from a first surface of the barrier toward an opposite second surface. Membranes or 
filters provide convenient barriers, such that the directional movement or migration of a 
suitable cell into or through a filter, toward increased levels of a compound, from a first 
surface of the filter toward an opposite second surface of the filter, is monitored. In 
some assays, the membrane is coated with a substance to facilitate adhesion, such as 
ICAM-1, fibronectin or collagen. Such assays provide an in vitro approximation of 
leukocyte "homing". 

For example, one can detect or measure inhibition of the migration of cells in a 
suitable container (a containing means), from a first chamber into or through a 
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microporous membrane into a second chamber which contains an antibody to be tested, 
and which is divided from the first chamber by the membrane. A suitable membrane, 
having a suitable pore size for monitoring specific migration in response to compound, 
including, for example, nitrocellulose, polycarbonate, is selected. For example, pore 
sizes of about 3-8 microns, and preferably about 5-8 microns can be used. Pore size can 
be uniform on a filter or within a range of suitable pore sizes. 

To assess migration and inhibition of migration, the distance of migration into 
the filter, the number of cells crossing the filter that remain adherent to the second 
surface of the filter, and/or the number of cells that accumulate in the second chamber 
can be determined using standard techniques (e.g., microscopy). In one embodiment, 
the cells are labeled with a detectable label (e.g., radioisotope, fluorescent label, antigen 
or epitope label), and migration can be assessed in the presence and absence of the 
antibody or fragment by determining the presence of the label adherent to the membrane 
and/or present in the second chamber using an appropriate method (e.g., by detecting 
radioactivity, fluorescence, immunoassay). The extent of migration induced by an 
antibody agonist can be determined relative to a suitable control (e.g., compared to 
background migration determined in the absence of the antibody, compared to the extent 
of migration induced by a second compound (i.e., a standard), compared with migration 
of untransfected cells induced by the antibody). 

In one embodiment, particularly for T cells, monocytes or cells expressing a 
mammalian CCRl, transendothelial migration can be monitored. In this embodiment, 
transmigration through an endothelial cell layer is assessed. To prepare the cell layer, 
endothelial cells can be cultured on a microporous filter or membrane, optionally coated 
with a substance such as collagen, fibronectin, or other extracellular matrix proteins, to 
facilitate the attachment of endothelial cells. Preferably, endothelial cells are cultured 
until a confluent monolayer is formed. A variety of mammalian endothelial cells can 
are available for monolayer formafion, including for example, vein, artery or 
microvascular endothelium, such as human umbilical vein endothelial cells (Clonetics 
Corp, San Diego, CA). To assay chemotaxis in response to a particular mammalian 
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In addition to the methods described, the effects of an antibody or fragment on 
the stimulatory function of CCRl can be assessed by monitoring cellular responses 
induced by active receptor, using suitable host cells containing receptor. 

Identification of Additional Ligands, Inhibitors and/or Promoters of Mammalian CCRl 
Function 

The assays described above, which can be used to assess binding and function of 
the antibodies and fragments of the present invention, can be adapted to identify 
additional ligands or other substances which bind a mammalian CCRl or functional 
variant thereof, as well as inhibitors and/or promoters of mammalian CCRl function. 
For example, agents having the same or a similar binding specificity as that of an 
antibody of the present invention or ftmctional portion thereof can be identified by a 
competition assay with said antibody or portion thereof Thus, the present invention 
also encompasses methods of identifying ligands of the receptor or other substances 
which bind a mammalian CCRl protein, as well as inhibitors (e.g., antagonists) or 
promoters (e.g., agonists) of receptor function. In one embodiment, cells bearing a 
mammalian CCRl protein or functional variant thereof (e.g., leukocytes, cell lines or 
suitable host cells which have been engineered to express a manmialian CCRl protein 
or functional variant encoded by a nucleic acid introduced into said cells) are used in an 
assay to identify and assess the efficacy of ligands or other substances which bind 
receptor, including inhibitors or promoters of receptor function. Such cells are also 
useful in assessing the function of the expressed receptor protein or polypeptide. 

According to the present invention, ligands and other substances which bind 
receptor, inhibitors and promoters of receptor function can be identified in a suitable 
assay, and further assessed for therapeutic effect. Inhibitors of receptor function can be 
used to inhibit (reduce or prevent) receptor activity, and ligands and/or promoters can be 
used to induce (trigger or enhance) normal receptor function where indicated. These 
inhibitors can be used in methods of treating inflammatory diseases, including 
autoimmune disease and graft rejection, comprising administering an inhibitor of 
receptor function to an individual (e.g., a mammal). Ligands and/or promoters 
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[Ca^"^]!), and/or a cellular response function (e.g., stimulation of chemotaxis, exocytosis 
or inflammatory mediator release by leukocytes). The term promoter refers to 
substances including agonists which bind receptor (e.g., an antibody, a homolog of a 
natural ligand from another species), and substances which promote receptor function 
5 without binding thereto (e.g., by activating an associated protein). In a preferred 
embodiment, the agonist is other than a homolog of a natural ligand. 

Thus, the invention also relates to a method of detecting or identifying an agent 
which binds a mammalian CC-chemokine receptor 1 or ligand binding variant thereof, 
including ligands, inhibitors, promoters, and other substances which bind a mammalian 
10 CCRl receptor or functional variant. According to the method, an agent to be tested, an 
antibody or antigen-binding fragment of the present invention (e.g., 2D4, an antibody 
□ having an epitopic specificity which is the same as or similar to that of 2D4, and 

^ antigen-binding fragments thereof) and a composition comprising a mammalian CC- 

2 chemokine receptor 1 or a ligand binding variant thereof can be combined. The 

ni 

m 15 foregoing components are combined under conditions suitable for binding of the 
v| antibody or antigen-binding fragment to mammalian CC-chemokine receptor 1 or a 

%, ligand binding variant thereof, and binding of the antibody or fragment to the 

•zzac 

^ mammalian CC-chemokine receptor 1 or ligand binding variant is detected or measured, 

Li either directly or indirectly, according to methods described herein or other suitable 

r 20 methods. A decrease in the amount of complex formed relative to a suitable control 
(e.g., in the absence of the agent to be tested) is indicative that the agent binds said 
receptor or variant. The composition comprising a mammalian CC-chemokine receptor 
1 or a ligand binding variant thereof can be a membrane fraction of a cell bearing 
recombinant chemokine receptor 1 protein or ligand binding variant thereof The 
25 antibody or fragment thereof can be labeled with a label such as a radioisotope, spin 
label, antigen or epitope label, enzyme label, fluorescent group and chemiluminescent 
group. 

In one embodiment, the invention relates to a method of detecting or identifying 
an agent which binds a mammalian CC-chemokine receptor 1 or a ligand binding 
30 variant thereof, comprising combining an agent to be tested, an antibody or antigen- 
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binding fragment of the present invention (e.g., 2D4, an antibody having an epitopic 
specificity which is the same as or similar to that of 2D4, or antigen-binding fragments 
thereof) and a cell bearing a manmialian CC-chemokine receptor 1 or a ligand binding 
variant thereof. The foregoing components are combined under conditions suitable for 
5 binding of the antibody or antigen-binding fragment to the CCRl protein or ligand 
binding variant thereof, and binding of the antibody or fragment to the mammalian CC- 
chemokine receptor 1 or variant is detected or measured, either directly or indirectly, by 
methods described herein and or other suitable methods. A decrease in the amount of 
complex formed relative to a suitable control is indicative that the agent binds the 
10 receptor or variant. The antibody or fragment thereof can be labeled with a label 

selected from the group consisting of a radioisotope, spin label, antigen or epitope label, 
enzyme label, fluorescent group and chemilum_inescent group. These and similar assays 
can be used to detect agents, including ligands (e.g., chemokines or strains of HIV 
which interact with CCRl) or other substances, including inhibitors or promoters of 
IJI 15 receptor function, which can bind CCRl and compete with the antibodies described 
herein for binding to the receptor. 

- The assays described above can be used, alone or in combination with each other 

Q 

or other suitable methods, to identify ligands or other substances which bind a 
mammalian CCRl protein, and inhibitors or promoters of a mammahan CCRl protein 
20 or variant. The in vitro methods of the present invention can be adapted for high- 
throughput screening in which large numbers of samples are processed (e.g., a 96-well 
format). Cells expressing mammalian CCRl (e.g., human CCRl) at levels suitable for 
high-throughput screening can be used, and thus, are particularly valuable in the 
identification and/or isolation of ligands or other substances which bind receptor, and 
25 inhibitors or promoters of mammalian CCRl proteins. Expression of receptor can be 
monitored in a variety of ways. For instance, expression can be monitored using 
antibodies of the present invention which bind receptor or a portion thereof Also, 
commercially available antibodies can be used to detect expression of an antigen- or 
epitope-tagged fusion protein comprising a receptor protein or polypeptide (e.g., FLAG 
30 tagged receptors), and cells expressing the desired level can be selected. 
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Nucleic acid encoding a mammalian CCRl protein or functional variant thereof 
can be incorporated into an expression system to produce a receptor protein or 
polypeptide. An isolated and/or recombinant mammalian CCRl protein or variant, such 
as a receptor expressed in cells stably or transiently transfected with a construct 
comprising a recombinant nucleic acid encoding a mammalian CCRl protein or variant, 
or in a cell fraction containing receptor (e.g., a membrane fraction from transfected 
cells, liposomes incorporating receptor), can be used in tests for receptor function. The 
receptor can be further purified if desired. Testing of receptor function can be carried 
out in vitro or in vivo. 

An isolated and/or recombinant mammalian CCRl protein or functional variant 
thereof, such as a human CCRl, can be used in the present method, in which the effect 
of a compound is assessed by monitoring receptor function as described herein or using 
other suitable techniques. For example, stable or transient transfectants (e.g., 
baculovirus infected Sf9 cells, stable tranfectants of mouse LI .2 pre-B cells), can be 
used in binding assays. Stable transfectants of Jurkat cells or of other suitable cells 
capable of chemotaxis can be used (e.g., mouse LI .2 pre-B cells) in chemotaxis assays, 
for example. 

According to the method of the present invention, compounds can be 
individually screened or one or more compounds can be tested simultaneously according 
to the methods herein. Where a mixture of compounds is tested, the compounds 
selected by the processes described can be separated (as appropriate) and identified by 
suitable methods (e.g., PCR, sequencing, chromatography, mass spectroscopy). The 
presence of one or more compounds (e.g., a ligand, inhibitor, promoter) in a test sample 
can also be determined according to these methods. 

Large combinatorial libraries of compounds (e.g., organic compounds, 
recombinant or synthetic peptides, "peptoids", nucleic acids) produced by combinatorial 
chemical synthesis or other methods can be tested (see e.g., Zuckerman, R.N. et al, J, 
Med, Chem., 37: 2678-2685 (1994) and references cited therein; see also, Ohlmeyer, 
M.H.J, etal, Proc. Natl. Acad. Sci. USA 90:10922-10926 (1993) and DeWitt, S.H. et 
al, Proc, Natl Acad. Sci. USA 90:6909-6913 (1993), relating to tagged compounds; 
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Other sources of potential ligands or other substances which bind to, or 
inhibitors and/or promoters of, mammalian CCRl proteins include, but are not limited 
to, variants of CCRl ligands, including naturally occurring, synthetic or recombinant 
variants of MlP-la, RANTES, MCP-2, MCP-3, leukotactin-1, HCC-1, or MPEF, 
5 substances such as other chemoattractants or chemokines, variants thereof, low 

molecular weight organic molecules, other inhibitors and/or promoters (e.g., anti-CCRl 
antibodies, antagonists, agonists), other G protein-coupled receptor ligands, inhibitors 
and/or promoters (e.g., antagonists or agonists), and soluble portions of a mammalian 
CCRl receptor, such as a suitable receptor peptide or analog which can inhibit receptor 
10 function (see e.g.. Murphy, R.B., WO 94/05695). 

Models of Inflammation 

In vivo models of inflammation are available which can be used to assess the 
effects of antibodies and fragments of the invention in vivo as therapeutic agents. For 
example, leukocyte infiltration upon intradermal injection of a chemokine and an 
15 antibody or fragment thereof reactive with mammalian CCRl into a suitable animal, 
such as rabbit, mouse, rat, guinea pig or rhesus macaque can be monitored (see e.g., Van 
Damme, J. et al, J. Exp, Med., 176: 59-65 (1992); Zachariae, C.O.C. et aL, J, Exp, Med 
777.- 2177-2182 (1990); Jose, P.J. e^fl/.,y.£jc;?. Met/. 179: 881-887(1994)). In one 
embodiment, skin biopsies are assessed histologically for infiltration of leukocytes (e.g., 
20 eosinophils, granulocytes). In another embodiment, labeled cells (e.g., stably 
transfected cells expressing a mammalian CCRl, labeled with ***In for example) 
capable of chemotaxis and extravasation are administered to the animal. For example, 
an antibody or fragment to be assessed can be administered, either before, 
simultaneously with or after ligand or agonist is administered to the test animal. A 
25 decrease of the extent of infiltration in the presence of antibody as compared with the 
extent of infiltration in the absence of inhibitor is indicative of inhibition. 
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Diagnostic and Therapeutic Applications 

The antibodies and fragments of the present invention are useful in a variety of 
applications, including research, diagnostic and therapeutic applications. In one 
embodiment, the antibodies are labeled with a suitable label (e.g., fluorescent label, 
5 chemi luminescent label, isotope label, antigen or epitope label or enzyme label). For 
instance, they can be used to isolate and/or purify receptor or portions thereof, and to 
study receptor structure (e.g., conformation) and function. 

In addition, the various antibodies of the present invention can be used to detect 
CCRl or to measure the expression of receptor, for example, on T cells (e.g., CD26+ 
10 cells, CD45RO+ cells), neutrophils, eosinophils, and/or on cells transfected with a 

receptor gene. Thus, they also have utility in applications such as cell sorting (e.g., flow 
cytometry, fluorescence activated cell sorting), for diagnostic or research purposes. 

The anti-CCRl antibodies of the present invention have value in diagnostic 
applications. An anti-CCRl antibody or fragment thereof can be used to monitor 
15 expression of this receptor in individuals, similar to the way anti-CD4 has been used as 
a diagnostic indicator of HIV stage. 

Typically, diagnostic assays entail detecting the formation of a complex resulting 
from the binding of an antibody or fragment thereof to CCRl . For diagnostic purposes, 
the antibodies or antigen-binding fragments can be labeled or unlabeled. The antibodies 
20 or fragments can be directly labeled. A variety of labels can be employed, including, 
but not limited to, radionuclides, fluorescers, enzymes, enzyme substrates, enzyme 
cofactors, enzyme inhibitors and ligands (e.g., biotin, haptens). Numerous appropriate 
immunoassays are known to the skilled artisan (see, for example, U.S. Patent Nos. 
3,817,827; 3,850,752; 3,901,654 and 4,098,876). When unlabeled, the antibodies or 
25 fragments can be detected using suitable means, as in agglutination assays, for example. 
Unlabeled antibodies or fragments can also be used in combination with another (i.e., 
one or more) suitable reagent which can be used to detect antibody, such as a labeled 
antibody (e.g., a second antibody) reactive with the first antibody (e.g., anti-idiotype 
antibodies or other antibodies that are specific for the unlabeled immunoglobulin) or 
30 other suitable reagent (e.g., labeled protein A). 
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provided in the kit, for instance in a separate vial or container. The second antibody, if 
present, is typically labeled, and can be formulated in an analogous manner with the 
antibody formulations described above. 

Similarly, the present invention also relates to a method of detecting and/or 
5 quantitating expression of a manunalian CCRl or a portion of the receptor by a cell, in 
which a composition comprising a cell or fraction thereof (e.g., membrane fraction) is 
contacted with an antibody or fimctional fragment thereof (e.g., 2D4) which binds to a 
mammalian CCRl or portion of the receptor under conditions appropriate for binding of 
the antibody or fragment thereto, and binding is monitored. Detection of the antibody, 
10 indicative of the formation of a complex between antibody and CCRl or a portion 
thereof, indicates the presence of the receptor. Binding of antibody to the cell can be 
g determined as described above under the heading "Binding Assays", for example. The 

method can be used to detect expression of CCRl on cells from an individual (e.g., in a 
J sample, such as a body fluid, such as blood, saliva or other suitable sample). The level 

y 

ill 1 5 of expression of CCRl on the surface of T cells or monocytes can also be determined, 
VI for instance, by flow cytometry, and the level of expression (e.g., staining intensity) can 

^ be correlated with disease susceptibility, progression or risk. 

O 

Chemokine receptors function in the migration of leukocytes throughout the 
body, particularly to inflammatory sites. Inflammatory cell emigration from the 
^ 20 vasculature is regulated by a three-step process involving interactions of leukocyte and 
endothelial cell adhesion proteins and cell specific chemoattractants and activating 
factors (Springer, T.A., Cell 75:301-314 (1994); Butcher, E.C., Cell (57:1033-1036 
(1991); Butcher, E.C. and Picker, L.J., Science (Wash. DC), 272:60-66 (1996)). These 
are: (a) a low affinity interaction between leukocyte selectins and endotheUal cell 
25 carbohydrates; (b) a high-affinity interaction between leukocyte chemoattractant 
receptors and chemoattractant/activating factors; and (c) a tight-binding between 
leukocyte integrins and endothelial cell adhesion proteins of the immunoglobulin 
superfamily. Different leukocyte subsets express different repertoires of selectins, 
chemoattractant receptors and integrins. Additionally, inflammation alters the 
30 expression of endothelial adhesion proteins and the expression of chemoattractant and 
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.notion. rlgaeonformationalchan^^^^ Por 

p,omoterHndin.dir.,ly.— ^^^^^ 

example, antibodies can mhtbttrecepto „ Antibodies which 

,esensiti.aonCw.thor„.thout...ih— ^^^^^^ 
« hindreceptorc.a,soactasa.m.of«.^^^^^^^^^^^^^^^^ 

receptor function, such as a signaltng and/o 

leukocyte trafficking) upon binding to receptor. ^ 

30 effective amount of an annoouy 



-43- 



Administration of an antibody or fragment of the present invention can result in 
amelioration or elimination of the disease state. 

The antibody of the present invention, or a functional fragment thereof, can also 
be used to treat disorders in which activation of the CCRl receptor by binding of 
chemokines is implicated. For example, the antibodies or functional fragments thereof 
(e.g., 2D4 or functional fragments thereof) can be used to treat allergy, atherogenesis, 
anaphylaxis, malignancy, chronic and acute inflammation, histamine and IgE-mediated 
allergic reactions, shock, and rheumatoid arthritis, atherosclerosis, multiple sclerosis, 
graft rejection, ischemia/reperfiision injury, fibrotic disease, asthma, and inflammatory 
glomerulopathies. 

Diseases or conditions of humans or other species which can be treated with 
inhibitors of CCRl receptor function (inciuding antibodies or suitable fragments 
thereof) include, but are not limited to, those described in U.S. Application No. 
09/239,28, "Methods For Preventing Graft Rejection and Ischemia-Reperfusion hijury", . 
by Wayne W. Hancock, filed January 29, 1999, and U.S. AppHcation No. 09/240,253, 
"Method of Treating Demyelinating Liflammatory Disease Using CCRl Antagonists", 
by James B. Rottman and Wayne W. Hancock, filed January 29, 1999, the entire 
teachings of both of which are incorporated herein in their entirety, and the following: 

• inflammatory or allergic diseases and conditions, including respiratory allergic 
diseases such as asthma, allergic rhinitis, hypersensitivity lung diseases, hypersensitivity 
pneumonitis, interstitial lung diseases (ILD) (e.g., idiopathic pulmonary fibrosis, or ELD 
associated with rheumatoid arthritis, systemic lupus erythematosus, ankylosing 
spondylitis, systemic sclerosis, Sjogren's syndrome, polymyositis or dermatomyositis); 
anaphylaxis or hypersensitivity responses, drug allergies (e.g., to penicillin, 
cephalosporins), insect sting allergies; inflammatory bowel diseases, such as Crohn's 
disease and ulcerative colitis; spondyloarthropathies; scleroderma; psoriasis and 
inflammatory dermatoses such as dermatitis, eczema, atopic dermatitis, allergic contact 
dermatitis, urticaria; vasculitis (e.g., necrotizing, cutaneous, and hypersensitivity 
vasculitis); 
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autoimmune diseases, such as arthritis (e.g., rheumatoid arthritis, psoriatic 
arthritis), demyeUnating disorders (e.g., multiple sclerosis), systemic lupus 
erythematosus, myasthenia gravis, juvenile onset diabetes, nephritides such as 
glomerulonephritis, autoimmune thyroiditis, Behcet's disease; 
5 • chronic or acute graft rejection (e.g., in transplantation), including allograft 

rejection or graft-versus-host disease, and graft-associated arteriosclerosis; 

• atherosclerosis; 

• cancers with leukocyte infiltration of the skin or organs; 

• other diseases or conditions (including CCRl -mediated diseases or 

10 conditions), in which undesirable inflammatory responses are to be inhibited can be 
treated, including, but not limited to, ischemia/reperftision injury, certain hematologic 
malignancies, cytokine-induced toxicity (e.g., septic shock, endotoxic shock), 
polymyositis, dermatomyositis, and granulomatous diseases including sarcoidosis. 
Diseases or conditions of humans or other species which can be treated with 

15 promoters of CCRl receptor fiinction (including antibodies or fragments thereof), 
include, but are not limited to: 

• immunosuppression, such as that in individuals with immunodeficiency 
syndromes such as AIDS, individuals undergoing radiation therapy, chemotherapy, 
therapy for autoimmune disease or other drug therapy (e.g., corticosteroid therapy), 

20 which causes immunosuppression; and immunosuppression due congenital deficiency in 
receptor function or other causes. 

Anti-CCRl antibodies of the present invention can block the binding of one or 
more chemokines, thereby blocking the downstream cascade of one or more events 
leading to the above disorders. 



25 Modes of Administration 

One or more antibodies or fragments of the present invention can be 
administered to an individual by an appropriate route, either alone or in combination 
with (before, simultaneous with, or after) another drug or agent. For example, the 
antibodies of the present invention can also be used in combination with other 
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monoclonal or polyclonal antibodies (e.g., in combination with antibodies which bind 
other chemokine receptors, including, but not limited to, CCR2, CCR3, CCR4 and 
CCR5) or with existing blood plasma products, such as conmiercially available gamma 
globulin and immune globulin products used in prophylactic or therapeutic treatments. 
5 The antibodies or fragments of the present invention can be used as separately 

administered compositions given in conjunction with antibiotics and/or antimicrobial 
agents. The antibodies or fragments of the invention can also be administered in 
combination with anti-viral agents, immunosuppressive agents (e.g., calcineurin 
inhibitors, such as cyclosporin A; glucocorticoids, such as prednisone or 

10 methylprednisolone; and nucleic acid synthesis inhibitors, such as azathioprine or 
mycophenolic acid), cytokines, such as interferon and Th2-producing cytokines, and 
hormones, such as adrenocorticotropic hormone. 

An effective amount of an antibody or fragment (i.e., one or more antibodies or 
fragments) is administered. An effective amount is an amount sufficient to achieve the 

15 desired therapeutic (including prophylactic) effect, under the conditions of 

administration, such as an amount sufficient for inhibition of a CCRl fimction, and 
thereby, inhibition of an inflammatory response or HIV infection, or an amount 
sufficient for promotion of a CCRl fiinction, as indicated. 

A variety of routes of administration are possible including, but not necessarily 

20 limited to, oral, dietary, topical, parenteral (e.g., intravenous, intraarterial, 

intramuscular, subcutaneous injection), inhalation (e.g., intrabronchial, intraocular, 
intranasal or oral inhalation, intranasal drops), intraocular, depending on the disease or 
condition to be treated. Other suitable methods of administration can also include 
rechargeable or biodegradable devices and slow release polymeric devices. The 

25 pharmaceutical compositions of this invenfion can also be administered as part of a 
combinatorial therapy with other agents. 

Formulation of an antibody or fragment to be administered will vary according 
to the route of administration and formulation (e.g., solution, emulsion, capsule) 
selected. An appropriate pharmaceutical composition comprising an antibody or 

30 fimctional fragment thereof to be administered can be prepared in a physiologically 
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acceptable vehicle or carrier. A mixture of antibodies and/or fragments can also be 
used. For solutions or emulsions, suitable carriers include, for example, aqueous or 
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered 
media. Parenteral vehicles can include sodium chloride solution, Ringer*s dextrose, 
dextrose and sodium chloride, lactated Ringer's or fixed oils. A variety of appropriate 
aqueous carriers are known to the skilled artisan, including water, buffered water, 
buffered saline, polyols (e.g., glycerol, propylene glycol, liquid polyethylene glycol), 
dextrose solution and glycine. Intravenous vehicles can include various additives, 
preservatives, or fluid, nutrient or electrolyte replenishers (See, generally. Remington's 
Pharmaceutical Science, 16th Edition, Mack, Ed. 1980). The compositions can 
optionally contain pharmaceutically acceptable auxiliary substances as required to 
approximate physiological conditions such as pH adjusting and buffering agents and 
toxicity adjusting agents, for example, sodium acetate, sodium chloride, potassium 
chloride, calcium chloride and sodium lactate. The antibodies and fragments of this 
invention can be lyophilized for storage and reconstituted in a suitable carrier prior to 
use according to art-known lyophilization and reconstitution techniques. The optimum 
concentration of the active ingredient(s) in the chosen medium can be determined 
empirically, according to procedures well known to the skilled artisan, and will depend 
on the ultimate pharmaceutical formulation desired. For inhalation, the antibody or 
fragment can be solubilized and loaded into a suitable dispenser for administration (e.g., 
an atomizer, nebulizer or pressurized aerosol dispenser). 

The following Examples are offered for the purpose of illustrating the present 
invention and are not to be construed to limit the scope of this invention. The contents 
of all references, patents and published patent applications cited throughout this 
application are hereby incorporated by reference. 
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EXAMPLES 

Methods 



Celb, Cd. Lines, and Thsae CuUur. ^ ^,.„ 

TR6b. Aner t u j Tnctitute for Immunology, Basel, 

Switzerland) a. 50 uni.s/ml. In some cases. 10 ng/ml of IFNa (P P 
0 N,) was added to the culn.es 4 days ^.^ ^ 

rrR 1 was expressed in the munne pre-B ceu im 
H^anCCRl wasexp i.Wef, primer setpences tor 

previously (Honda e, aU J. ' _ ;„„ 

. J 11 ITR of CCRl were obtained from uenoann i 
,he coding regions and 3 UTR of CC 

number L09320) and the gene amplified by r, PCR 
, ampliaedproductwasdirectionallyelonedintothe^..— 

...cellsweret^sfeetedwith— ™- -^^^^^^^ 
^.cophenoUcacidconUimngmedium. ^^'^^ After 

several rounds of sorting, the cells we 



20 lo- 



25 



^y, Pr«.uc.i.B and F.o« Cytometry 

^bsreactivewithCCRlwereSene...^^ 
CCRl U-2 transfectants intrapentoneally at 2 week int 
.™,„ni^io..miceweres.Hficed,thesp,ee„ren.ve^»^^^^^^^^ 

.ingthecelllineSP2/0,asdescHbed,(^ligan../^C^^^^^^^ 
Z»(1992)).SpecificmAbsreaet,vewthCCR 

A /-c^^n® mccton Dickinson & Co., Mouniain 
cytometry using a FACScan (Becton ^„„^,„„«i„i„gotCCRl 
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human chemokine receptors. The CCRl specific mAb described in this report, 2D4, 
was isotyped by ELISA (Southern Biotechnology, Birmingham, AL) and determined to 
be IgGl. The 2D4 hybridoma can be cultivated in 90% DMEM, 10% fetal calf serum, 
and 100 ng/ml IL-6. 

5 Mouse mAbs to human CCR3, CCR5 and CXCR3 have been described (Qin et 

al, 1 Clin. Invest 101:746 (1998); (Heath etai, J. Clin. Invest. PP:178 (1997)). 
Flourochrome conjugated mAbs to CD4, CD8, CD19, CD25, CD26, CD45RO, 
CD45RA and biotinylated anti-IgE were supplied by Pharmingen (La Jolla, CA). To 
assess reactivity of mAbs against transfected cells or leukocytes, indirect 
10 immvmo fluorescence and flow cytometry were used. Cells were washed once with PBS, 
and resuspended in 100 ^1 PBS containing 2% human serum and 0.1% sodium azide 
(staining buffer), 5 ^ig/ml purified antibody, 5 |ig/ml isotype matched control mAb 
(Sigma Chemical Co., St. Louis, MO) or 50 |il hybridoma culture supematant. After 20 
minutes at 4°C, cells were washed twice with staining buffer, and resuspended in 50 |il 



W\ 15 FITC-conjugated affinity purified F(ab')2 goat anti-mouse IgG (Jackson 

%^ ImmunoResearch Laboratories). After 20 min, cells were washed twice in staining 

L| buffer and analyzed by FACScan® to determine the level of surface expression. 

^ Propidium iodide was used to exclude dead cells. For multicolor analysis cells were 

n.l 

\4 first stained with anti-CCRl mAb 2D4, followed by anti-mouse-APC (Pharmingen). 

2 20 After blocking with mouse serum, PE-, FITC- or Cy3-conjugated mAbs were used 

together to stain cells. The results were analyzed by FACScan® using electronic gating 

and compensation. 



Chemokines, Chemotaxis Assays, and Ligand Binding Assay 

Recombinant human chemokines were obtained fi"om Peprotech (Rocky Hill, 
25 NJ) or R&D Systems (Minneapolis, MN) except for IL-8 which was produced 

recombinantly at LeukoSite (Wu et al, J. Biol Chem. 277:31202 (1996)). Chemotaxis 
of human PMBC or CDS blasts was assessed in transendothelial migration assays (Carr 
et al, Proc, Natl Acad. Scl USA P7:3652 (1994)) using the cell line ECV304 as 
described (Ponath et al, 1 Clin. Invest. 97:604 (1996)). Cells that migrated to the 



-49- 



,..r<iam« Chemol»isofhuman eosinophils and neuttophils was cam 
FACScan . Chemo ^^^^^^^^UD). Twenty nme ^ of 

,6.weU chen,o,ax,s p.«es ^ 3dded ,0 *e wells 

appropriately diluted chemoktne m RPMl 1640 p ^ ,^ ^,,3 25 m 

wHiehwetethencovetedwitha^ntiotonftlternt— ^^^^^^^^ 

„eteaddedontot.«lteta.oveeae.well^^e.^^^ 
„37X,thef.lterten,oveda„dpla.ftozen.-S0C^^^ 

,ofCyQnant(Molecu,atPto.e..B„se.e2*-^^^^^^^ 

0 Relative Fluorescence Unit (Rl'U)wmci v 

, NFN fBQston, MA). Chemokine 

'"MabeledchemokineswereoDiame - ^ ^ , , r Fxo 

■A nut as described previously (Ponath et al, J. Exp. 
binding to target cells was earned out as ^ 
/S5-2437 (1996)). Briefly, cells were resuspended m binding b K 

P^eseneeotahsenceofcontpetitots A«.« — 

tt„es in binding buffer supplemented w.th 0. N » P 
experiments we,eearriedout,nduplicateandr^e.^at- 

and eonoentrations «,at inhibit 50% spectfic bmdmg (IC.) were 
20 KaleidaOraph software (S^ergy Software, Reading, PA) 

Calcium Flux Assay responses to 

C/m. /nve^f. 97:604 (1990)). u 
2s versussidescattersandasteadyhaselinenuorescenoe^^F - 

,ells were then stimulated with various chemolanes and 
..e^itywasr^rdedandplotteddunngthettmecou. . W^en.^ 

antibodies were used, the cells were incubated wtth mAb for 5 



of chemokine. 
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A monoclonal antibody, .«med 2D4. v,as g ^^^^ 
ttansienlly tranrfeoted w,th CCR ^^^^^ ^.^ „,he, 

ehemokin. recepto. (Figure 1 A). When 2 ^^^^ ^ ^^^^ ^ 

assays, it completely inhibited b-ndtng ^.^r, «as 

,,„o...teiB,. --77^::: j:.on.lnMa„d..^. 

0 -petedhyunlabcl^M--^^^^ 
respectively. 2D4inh,b.ted I-RANl 
4 5nM(0.7lig'ml)(RS»'=lB). 

■ ^rra^+i in monocytes mauceu u^r 
(Fig„re2A). MobiUzat.onof[Ca ■ „e response to 1.8 

^.BSwasconrpletelybloc^^ 

(^-'=^«^-^^^-::;:;iredawea.ea,ciu,nresponseataconcen,ra.,on 
reported to be a ligand tor CCRl. mdu ^^^^ ^^^^ 

,0 on00,*.,which«ascon,pletely..^^v2 ^^^^^„^,„„^,,e 
i,^iWted the activities of MCP-3. a chemobne wh ^^^^^^^ 

„,„J.;.m».o(.»^-.65U( 99 » ,^tES induced monocyte 

oHemotaxis assays which show^ th t MP ^^^^ ^^^^^ ^ 

- *-"-"~::r;::r,c;an^ 

chemotaxts to MCP-1, a CCR2 P ^^^^ 
ohemotaxis was induced by Mff-iP. a hg» 
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Table 1: Inhibition of Monocyte Chemotaxis by Anti-CCRl mAb 



Chemokine 



mAb 



Specificity # of Migrated Cells 



MCP-1 
MCP-1 
MCP-1 



no 
2D4 
2D7 



CCRl 
CCR5 



278±76 
205±24 
250±13 



10 



MlP-la 
MlP-la 
MlP-la 

RANTES 
RANTES 
RANTES 

MIP-ip 
MIP-lp 
MEP-lp 



no 
2D4 
2D7 

no 
2D4 
2D7 

no 
2D4 
2D7 



CCRl 



CCRl 
CCR5 



CCRl 
CCR5 



192±21 

22±11 

127±45 

405±38 

32±18 

392±44 

28±10 
29±15 
18±4 



15 



Media 



no 



12±4 



Freshly isolated human PBMC were used in chemotaxis assay with 10 nM of MCP-1, 
MlP-la, RANTES and MIP-ip. Migrated monocytes cells were counted by flow 
cytometry using forward and side scatters. 



showed fta, CCRH T cells were CD45RO ^ ^^^^^ ^^^.^^ 

activation memory T cells (Fi^re 3A and 3B) A ^ ^^^^^ ^^^^^^ 

4 rvrp T cell population whicn comv' 



2D4. 



,0 ccm Express... ..AcUvatedT cells ^^^„„y„,, nesting T 

.tivateaTcellsres..— 

^/., J. C/in. Invest. 101 .746 (l^v ^ ^^^^^^^e if 

,5 cCRlisalsoupr=g«la.e<l.nas,m,larfash,onP ^ „ ^,^„«„e recepW 

,.,.e.3anai..andc.sw.^^^^^^ 

expression by How oytometi,. Dunng ^ phenomenon 

^osrchenro^nereceprorsweredown— ed^-™^^^^ 

previously have observed (QineMl.. • ' ^CRi began to increase 

,0 .,p,M..m:569(.«). "-"^XIlS. for CXCR3 and days l^U for 
afterday4andreaohedn,axim.»>-*^^^ 

CCR5. Ho*^"'*""""'""" ^^^Pip„e4) Chemotaxis assays confirmed 
throughout this period ottime (Table 2 an «ure ^^^^ ^^^^^ 

tot CCRl did not play a significant role m M - 

CCR5 (Fi^ 5A and 5B). J J anti-CCRS mAb 2D7 

chemotaxis of T cell blast to MIP-1" ^ mIP-IP induced 

Wocked both MIP-1« and RANTES induced mt^tton as 



chemotaxis by >90%. 
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Recently it was reported the IFNa could increase CCRl mRNA levels when T 
cells were cultured under Thl or Th2 polarizing conditions (Sallusto et al, J. Exp. Med. 
187\Z15 (1998)). In the present study, the ability of IFNa to upregulate CCRl surface 
expression in bulk culture where expression was usually downregulated was assessed. 
In all donors tested, an increase CCRl expression of activated T cells was detected 
when cultured in the presence of IFNa. Data in Table 2 show that CCRl began to 
appear on IFNa treated cells by day 7, and gradually reach maximum level between days 
10-14, i.e. 6-10 days after the addition of IFNa (Table 2 and Figure 4). CCRl expressed 
on the IFNa treated T cells made a significant fimctional contribution to the chemotactic 
potential these cells as demonstrated by receptor blockade with mAbs in migration 
assays to MlP-la and RANTES (Figure 5B). In the presence of IFNa, the anti-CCRl 
could inhibit the cell migration to MlP-la by 39%, v/hile the anti-CCR5 inhibited 
migration to MlP-la by 58%. A combination of anti-CCRl and anti-CCR5 inhibited 
chemotaxis by 89%. The anti-CCRl mAb had no effect on chemotaxis to MP- la of 
CD3 blasts cultured only with IL-2 which could be completely inhibited by 50 |ig/ml of 
anti-CCR5 (Figure 5 A). The anti-CCRl mAb had no effect on the migration to Mff-ip 
while the anti-CCRl mAb inhibited this migration by >95%, irrespective of IFNa 
treatment. 
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Percentage of Positive Cells 



DayO 
Day 4 
Day 7 




CCRl CCR5_ 
27.6 



2.7 



E.-2 only ^'^ 
IL-2 + IFNa 13.7 



1.1 

62.8 
62.7 



17.9 

94.2 
94.3 



62.5 89 

Day 10 IL-2only 

IL-2 + IFNa 45.1 68.3 



Day 14 IL-2 only 



2.3 



IL-2 + IFNa 83.8 



75.9 
87.1 



90.2 
84 



• u rn^ m Ab on Day 0. On Day 4, cells were 

,pU. and incubated with 1-2 only or 11,2 and IFN« 
.ays and seined for chemokine recep.o, express-on. Data represe 
10 eight donors, all gave similar profile. 

Marked Variation of CCRl Expression on E-'-P""' ^ ^cP- 

Humaneosinophilsrespondvigorouslytoeo.axm,RANrESM 

. ,„ rCR3 a previous study showed (Heath et al. J. Chn. 

4. UsingablookmgmAbtoCCR3.aprev ^^i„^a„ough 
, , 00178 (1997)) that these responses were predominantly 
/„«,. 99.178(1997)) ^,„^.i„havebeenobserved,theexpress,onot 
,5 CCR3.Al,houg),wealcrespon.s.oMIPl«ha ^.„^,^,,cCRl 
CCRl onhuman eosinophils has notbeen well characte^^ ^^^^^^^ 
ntarlced donor variation in CCRl expr«s,on on hum»n eosmop 
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„rrCRlrangedfromcomplelelynegafve(Donor#52)too 
T.e expre.,on "J ^3% pos.uve. 

po.i.ive (Donor #5). The express, ^^^^ ^^^^ 

----- rs^s^ea^ 

Mff-la in ohen,o,ax,s assays, bu. *° ,^ (^^^e 7A »d 

,„ MlP-la, although *e response was less effic co^ 

pattern of CCRl expression eosinophils and 

, .„n.o.s.ng.— 

ehe^otaxis even when CCRl and CCR3 showed e,u,va,en. surface exp 

CcmUExp.sseaonH.™nNeu.r.ph.^^^^ ^^^^^^^^^^ 

MurineneunophilsareVnow^ton, nr^tavg ^ 

M^-.„,presn™ah,yfl™u^CCRUGao.»^^^^^^^^^^^ 

.n«as, hnman neutrophils migrate very poorly. > at ^ 0 ^ 
3,„„,ationhashee„showninducemo«i.at,ono.— 

«:4550(1993)). >»*«-°'^'" ;',';^,tandsMP-.<., 
,0 ofneutrophils^omalldonorstestedCPi^ ) --^^^^^^^^ 
^XES and MP.F tailed .0 induce any neutrophrl re or. 
,^„,.i„„oradhes.onassa.at.— 
^„„. 6-8% neutrophils responded to Mff or ^^^^ 
contras, .0 IL-S which induced a -P°-; ^ ,,^er 

25 Anti-CCRl mAb 2D4 completely blocked the [Ca 1, mobih 
MIP-K. or MPIF. but not that by IL-8 (Figures 9D-9F). 
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CCRl is Expressed on Human Basophils 

Basophils are potent inflammatory cells and have ben shown to respond to a 
number of chemokines and express CCR3 on their surface (Uguccioni et al, J. Clin, 
Invest, lOO'AUl (1997)). By double staining human blood with anti-IgE or CCR3, both 
5 of which are markers for basophils given their distinct forward and side scatters, CCRl 
expression was detected on virtually all basophils (Figure 11) with anti-CCRl mAb 
2D4. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
10 various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 



